Abstract-The detection of microcalcifications is a hard task, since they are quite small and often poorly contrasted against the background of images. The Computer Aided Detection (CAD) systems could be very useful for breast cancer control. In this paper, we report a method to enhance microcalcifications cluster in digital mammograms. A Fuzzy Logic clustering algorithm with a set of features is used for clustering microcaIcifications. The method described was tested on simulated clusters of microcaIcifications, so that the location of the cluster within the breast and the exact number of microcaIcifications is known.
I. INTRODUCTION
T HE main difficulties encountered by radiologists in the detection of microcalcifications are due to the small size of microcalcifications (0.1-1 mm, mean diameter � 0.3 mm) and the fact that they are often hidden by the breast tissue. In this context, a CAD system may aid the physician to improve his performance [1]- [4] . Microcalcifications must bind together because clusters of microcalcifications may be an important warning for a breast cancer, present in 30%-50% of screening mammography. A cluster is a set of localized microcalcifications, therefore a potential microcalcification cannot be associated with a cluster spatially "distant". However, the spatial association of microcalcifications is a necessary but not sufficient condition for proper clustering, therefore in the following analysis we will take into account other significant characteristics (features) . The proposed technique uses a Fuzzy C-means algorithm [5] , [6] suitably modified by checking the distance of microcalcifications before proceeding with the association to the cluster: the matrix of data related to spatial coordinates is separated from that related to other features, and the distance is calculate only in geometrical space. If this distance is larger than the characteristic distance between microcalcifications, the degree of membership of the microcalcification to the cluster is minimized. In this way, the clustering is performed in the space of features without losing the information on the location of the microcalcifications.
II. METHOD AND PROCEDURE
The first phase of testing focused on verifying the proper operation of the algorithm on simulated microcalcifications. The choice to simulate clusters of microcalcifications can make possible to assess the efficiency of the clustering algorithm, since it is known not only the location of the cluster, but the exact number of microcalcifications present.
A. Microcalcifications segmentation
In the first step it was implemented a database of microcalcifications clusters extracted by mammographic images. For the contours detection we used a filter which combine the properties of the Gaussian filter with the search properties of the Laplacian edge (1):
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The three-dimensional representation of the filter is shown in 978-1-4673-0120-6/11/$26.00 ©20 11 IEEE After database preparation, a random amount of microcalcifications, belonging to the same pathological cluster, is extracted from database and is injected on healthy images, taking care that each microcalcification maintain geometrical and morphological properties. In this injection we rescale the average intensity of each cluster taking into account the intensity of the parenchyma.
D. Algorithm testing
The proposed method uses a Fuzzy clustering algorithm for checking the distance of microcalcifications before proceeding with the association to the cluster (Fig. 3) . The clustering is performed in the features space. The features with which the algorithm was tested are the follows: area, perimeter, eccentricity, mean intensity, standard deviation of intensity, skewness of intensity, defined as (2) E(x -11) 3
kurtosis of intensity, defined as (3)
In addition to these features, the coordinates of the centers of each microcalcification have been obtained. Since the variables are on completely different scales of measurements, normalization was necessary to balance the contributions. The features were normalized in their range of variability, thus the value of each feature is always between 0 and 1: Fig. 3 . Scheme of proposed algorithm.
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We don't impose a priori a number of clusters but we let to automatically derive the optimal number of clusters (Fig. 4) . 
III. RESULTS AND DISCUSSION
We have applied the proposed algorithm to a set of simulated images and we have evaluated the performances of the algorithm compared to the performance of Fuzzy C-means algorithm applied to the same set. Figure 5 shows the result of algorithms application: part a) shows the result of the clustering algorithm run with the C means, part b) shows the result of clustering performed with proposed algorithm. Clustering is performed in multi dimensions features space and the result is displayed in bidimensional features space of normalized geometrical centers coordinates X and Y .
'''\ XX + C,ntroi dp,thologi ealelult'r (*) NSC = Normalized Spatial Coordinates [I] By comparing figures 5 a) and b) it is clear that: fig. 5 a) , pathological microcalcifications are erroneously associated by the Fuzzy C-means algorithm to other not pathological microcalcifications;
• in fig. 5 b) , the proposed algorithm correctly perform the association of pathological microcalcifications in only one cluster.
IV. CONCLUSIONS
The proposed algorithm allows a microcalcifications clustering in the features space that takes into account correctly the Euclidean distance between microcalcifications. Despite these results are satisfactory, they are considered preliminary because at this early stage, the aim of this study was to test the ability of clustering algorithm on simulated microcalcifications. We scheduled to test the functionality of the algorithm on a huge database of real data currently being acquired.
